When it comes to sleep, the needs of children and adults differ dramatically. Many animals sleep more in early life and a number of factors suggest this sleep is critical for proper brain development [1, 2] . In a recent study published in Science, Kayser et al. [3] examine the neural and functional basis for enhanced sleep during early life. The authors demonstrate that reduced activity in a small population of wake-promoting dopamine neurons increases sleep of young flies, and that this early life sleep enhancement is critical for proper brain development.
While significant progress has been made towards understanding how sleep is regulated, the neural basis for interactions between sleep and brain development are less well understood. Sleep affects broad aspects of physiology, immunity and behavior, and sleep loss disrupts synaptic plasticity and memory in both flies and mammals. Animals sleep more during early life when the brain is developing, suggesting that enhanced sleep in young animals may be essential for proper brain development [1, 2] .
In Drosophila, as in mammals, sleep is regulated by neural networks that include sleep-and wake-promoting neurons. Dopamine is a key modulator of arousal, and both genetic and pharmacological manipulations of dopamine function support its role as a conserved wake-promoting transmitter [4, 5] . In this new study, the authors find that dopamine levels are reduced in one day old flies, raising the possibility that a reduction in dopamine signaling underlies the early life increase in sleep [3] .
Dopamine is expressed in only w200 neurons in the fly brain, and these control diverse functions including memory, sleep, and courtship [6, 7] . Subsets of arousal-promoting dopamine neurons target the dorsal Fan Shaped Body (dFSB), a brain region which expresses the dDA1 dopamine receptor [8, 9] . Early life sleep deprivation causes memory defects that are rescued by blocking dDA1 receptor function, suggesting that dopamine signaling is particularly important for interactions between sleep and development [10] . Kayser et al. find that enhancing dopamine signaling through either genetic means or activation of dopamine neurons more potently suppresses sleep in one-day-old flies than older counterparts. The authors manipulated distinct classes of dopamine neurons to localize the relevant population of neurons underlying developmentally related changes in sleep. Selective activation of the wake-promoting dopamine neurons that project onto the dorsal dFSB prevents the increased sleep observed in one day old flies, suggesting that reduced dopamine release from dFSB-innervating dopamine neurons underlies the elevated sleep observed in young flies.
A large genetic toolkit is available for analysis of neural function in Drosophila and three independent indicators of neural activity suggest the activity of the dFSB-innervating dopamine neurons is lower in one day old flies compared to 8-10 day old counterparts. Both Cre-luciferase, an indicator of CREB activity, and the Ca 2+ indicator CALexA (Ca 2+ -dependent nuclear import of LexA) revealed reduced activity in the dopamine neurons that target the dFSB. Furthermore, the authors use the DopR-Tango system to directly measure dopamine activity in postsynaptic neurons of the dFSB. DopR tango, which uses a stable fluorescent reporter as a readout for dopamine signaling, confirmed reduced dopamine signaling in the dFSB of one day old flies [3, 11] . Therefore, both pre-and postsynaptic analysis of dopamine neuron function indicates that dopamine release from the wake-promoting neurons that target the dFSB is reduced in young animals.
The dFSB promotes sleep in Drosophila and the authors sought to manipulate neural function of this region to functionally validate its role in early life sleep enhancement [12] . Genetic activation experiments suggest that the dFSB, but not other sleep-promoting regions, are already near maximal activity levels in one day old flies, fortifying the notion that this brain region is less inhibited by dopamine neurons early in life. Indeed, detection of Ca 2+ levels with CALexA confirmed enhanced activity in the dFSB in young flies [3] . Therefore, these findings provide physiological and behavioral evidence for a neural circuit where activity of dFSB-innervating dopamine neurons is reduced in one day old flies, enhancing activity of the dFSB and promoting sleep.
What is the function of enhanced sleep in young animals? In mammals, sleep during early life is thought to be important for cortical development and neuronal wiring [13, 14] . Sleep regulates synapse strength and morphology, while manipulations that promote morphological plasticity enhance sleep, revealing reciprocal interactions between these processes [15, 16] . Further, sleep deprivation in young animals impairs memory, revealing a critical developmental role for sleep in behavioral plasticity [10] . Kayser et al. find that sleep loss during early development results in reduced courtship and copulation success, indicating that early sleep is critical for development of a hard-wired behavior. The male-specific transcription factor fru M is expressed in neurons required for male courtship behavior, including three olfactory glomeruli [17] . Interestingly, the size of the fru M -expressing VA1v glomerulus is reduced in flies that are sleep deprived in early life. The VA1v glomerulus appears to be unique compared to other sexually dimorphic and fru M -expressing glomeruli because its size robustly increases during early life (Figure 1 ) [3] . These results raise the possibility that early sleep is required for establishing the fly courtship circuitry.
Identification of the neural circuitry required for developmental changes in sleep and morphological plasticity of the brain provides a system for understanding the relationship between sleep and other biological processes. For example, the mechanism through which dopamine neurons increase activity between 1 and 5 day old flies remains to be determined. Further, the role for the VA1v glomerulus in male courtship behavior, and why this glomerulus is particularly sensitive to early life sleep deprivation are unclear. It is not known whether the reduced courtship success of flies subjected to early sleep deprivation results from changes in this sensory input pathway or other courtship circuitry within the brain.
In addition to the role of sleep during early development, it is possible that these findings provide avenues to address questions related to sleep and aging. Sleep becomes fragmented in aged flies through a mechanism that has been linked to both free radical production and insulin signaling [18, 19] . Insulin signaling is a key factor regulating brain development and aging and therefore it is possible that conserved neural mechanisms underlie sleep changes in early adulthood and aged animals. Examining the functional connectivity between dopamine neurons and the dFSB in aged animals, or insulin signaling in young animals, may provide insight into age-dependent sleep fragmentation.
Taken together, this work furthers our understanding of how sleep regulates synaptic plasticity and brain development. It is possible that disruption of sleep in early life contributes to a number of neurodevelopmental disorders. For example, sleep disturbances are prevalent in children with autism, a disorder associated with altered brain development and connectivity, raising the possibility that early sleep loss contributes to the etiology of this disease [20] . The identification of dopamine as a key regulator of early life sleep opens the door to future studies examining the molecular basis for sleep-dependent regulation of brain development. deprivation during early-adult development results in long-lasting learning deficits in adult Drosophila. Sleep 34, 137-146. 
